In order to realize the heterosis, general and specific combining ability of wheat, 28 crosses were synthesised in a 8 × 8 by using half diallel mating system, without reciprocals. Analysis of heterosis over mid parents (MP) as well as better parents (BP) and combining ability were conducted for yield and its contributing traits. The experiment was conducted in 2011-2012 and 2012-2013 seasons at the Experimental Farm of Faculty of Agriculture, Sohag University, Egypt. Heterosis was estimated for grain yield per plant revealed maximum heterosis over the mid parents (68.58% and 81.47%) for the crosses P 5 × P 8 and P 5 × P 6, followed by harvest index (53.32%), No. of spikes per plant (33.38%), biological yield per plant (30.71%), spike length (17.29%), 1000 kernel weight (15.13%),grain weight per spike (14.38%) and plant height (5.96%) for the crosses P 7 × P 8 , P 5 × P 8 , P 4 × P 5 , P 4 × P 8 , P 3 × P 4 , P 1 × P 3 and P 7 × P 8 , respectively. The maximum heterobeltiosis was recorded for grain yield per plant (82.56% and 49.3%) for the crosses P 5 × P 8 and P 5 × P 6, followed by harvest index (40.12%), biological yield per plant (28.29%), No. of spikes per plant (16.9%), 1000 kernel weight (14.05%), grain weight per spike (12.9%), spike length (9.53%) and plant height (4.76%)%) for the crosses P 5 × P 8 , P 5 × P 6 , P 2 × P 5 , P 3 × P 4 , P 1 × P 3 , P 2 × P 6 , and P 5 × P 7 , respectively. The results indicated significant differences among the parents for general combining ability and crosses for specific combining ability for all studied traits, which indicated the importance of both additive and non-additive gene effects for these traits. General combining abilities were higher than those of specific combining abilities, then the GCA/SCA ratios were more than unity indicating the prepondorance of additive gene effect which have considerable roles in the inheritance of these traits. In general, The genotypes of P 5 ( Sonora 64 ) confirmed to be good general combiner for plant height, No. of spikes / plant, 1000 -kernel weight, grain weight / spike, biological yield / plant, harvest index, grain yield / plant , and P 4 ( Sahel 1 ) for plant height, spike length, No. of spikes / plant, 1000 -kernel weight, harvest index, grain yield / plant. The crosses P 6 × P 7 , P 5 × P 6 , P 7 × P 8 , P 5 × P 8 , P 2 × P 6 , P 4 × P 8 , were the best specific combiners for grain yield / plant and most of yield components. Grain yield had strong positive correlation with harvest index (0.85), biological yield per plant (0.65) and 1000 -kernel weight (0.59).
INTRODUCTION
Wheat (Triticum aestivum L.) is one of the most important crops all over the world. Egypt imports about 45% of its wheat requirement. This reflects the size of the problem and the efforts needed to increase wheat production. So, increasing production per unit area seems to be one of the great factors for narrowing the hole between wheat production and consumption, Ismail (2015) . The total cultivated area of wheat in Egypt for the cropping year 2015-2016 was 1.26 Million hectares, with total wheat produce of 8.10 Million metric tons and average grain yield of 6.43 metric tons per hectare (USDA,2017) .
Hybrid wheat is an alternative approach to increase the productivity and most important step in the hybrid-breeding program is the identification of suitable parents with high GCA and SCA for grain yield and then the exploitation of heterosis, Pawar et al. (2014) . So a large number of researches on heterosis for grain yield and its attributes in wheat have been carried out Mosaad et al. (1990) , Chowdhry et al., (2001) , Akbar et al., (2010) , Bilgin et al., (2011) , Kumar et al., (2011) , Singh et al., (2012) , Devi et al., (2013) , Desale and Mehta (2013) , Barot et al., (2014) , El-Hosary et al., (2015) , Baloch et al., (2016) . Heterosis is considered as the superiority of the hybrids in comparisons to either of its parents. Heterosis has been estimated in a range of cultivated crops and has been the purpose of abundant importance to study as mean of increasing productivity of crop plant. It is now well established that heterosis does occur with proper combination of parents, Baloch et al., (2016) . Combining ability analysis gives very useful information with respect to selection of parents based on the behavior of their hybrids. Moreover, this analysis supports the breeders to recognize the best combiners which may be hybridized either to utilize heterosis or to reinforcement the favourable genes, Uzair et al., (2016) . Diallel analysis was used by several investigators to appreciation both GCA and SCA for different traits of wheat. Larik et al., (1995) , Kherialla et al., (2001) , AlKaddoussi et al., (2003) , Abd El-Aty and Hamad (2006), Motawea (2006) , Hassan et al., (2007) , Sharief et al.,(2007) , Mahpara et al., (2008) , El-Hosary et al. ,(2009) , Çifci and Yağdi (2010) , Saad et al., (2010) , Kumar et al., (2011) , Adel and Ali (2013) , Desale and Mehta (2013) , Barot et al., (2014) , Masood et al., (2014) , Kumar et al., (2015) , Mandal and Madhuri ( 2016 ) . Most of genetic variances of grain yield trait and its components were controlled by additive genes, Singh et al.,(2000) , Masood and Kronstad (2000) , Singh et al., (2002) , Ahmadi et al., (2003) , Abd El-Aty and Hamad (2006), Kumar et al., (2011) , Blank et al., ( 2012) , Adel and Ali (2013) , Barot et al., (2014) , and El-Hosary et al., (2015) . However some were controlled by non-additive genes Nazir et al., (2005) , Mahpara et al., (2008) , Masood et al., (2014) , Pawar et al., (2014) and Ismail (2015) .Correlation coefficient analysis may be used as a vital tool to collect the information about right reason and effective association between yield and associated components (Khan et al.,2003) .
The objective of the present study was to expose the magnitude of both general (GCA) and specific (SCA) combining abilities as well as heterosis for grain yield and its attributed traits in 28 wheat crosses made among 8 bread wheat genotypes using one way diallel crosses.
MATERIALS AND METHODS
In this study, eight genetically diverse bread wheat genotypes (Table 1) Index, Grain Yield per Plant (g). Data were subjected to the analysis of variance in order to test the significance of the differences among the 28 F 1 and their parents according to Steel and Torrie (1980) . Sum squares of studied genotypes was partitioned according to Griffing`s (1956) as method 2 into sources of variations due to GCA and SCA. The percent increase or decreases of F1 hybrids over mid as well as the best parent was calculated appreciate possible heterotic effects for aforementioned traits (Fonseca and Patterson, 1968) as under.
Ht (%) = F 1 -MP / MP × 100 Hbt (%) = F 1 -BP/ BP × 100 Where, Ht = Heterosis over mid-parent Hbt = Heterosis over -better parent (Heterobeltiosis) MP =Mean mid-parent value BP = Mean better parent value
The't' test was done to define whether F 1 hybrid means were statistically significant from mid-parents and best parent means as follow (Wynne et al., 1970) .
Heterosis (Ht): tij = F 1ij -MP / 3/8 EMS Heterobeltiosis (Hbt ) : tij = F 1ij -BP / 1/2 EMS Where F ij = The mean of the ijth F 1 cross M.Pij = The mid-parents value for the ijth F 1 cross B.Pij = The better parent values for ijth cross. EMS = Error mean square Simple correlation was also calculated to study nature of relationships among various traits following Pearson (1920) . Giza-160 Chenab/Giza 155 Egypt P 7 Giza-165 DMC no/Mfd//Mon"S"CM43339-C-1Y-1M-24-IM-24-OB Egypt P 8 Sids-4 Maya"S"/Mon "S"/CMH74.A592/3/Giza157-2 Egypt
RESULTS AND DISCUSSION

Analysis of variance
Analysis of variance detected presence of significant differences among all studied genotypes for all traits as shown in Table 2 . Consequently, improvement can be made successfully by selection for improving yield and other traits. Genetic parameters were therefore estimated for each of these attributes. These results are assured by those obtained by El-Hosary et al., (2009), Adel and Ali (2013) , Al-Naggar et al., (2015) , Mahpara et al., (2015) and Ismail (2015) . Mean performance Means performance of the eight parental genotypes and their F 1 crosses for the studied traits are given in Table  3 . The cross P 5 x P 7 followed by the cross P 4 × P 8 gave the highest value (107.83 and 107.67 cm) of plant height whereas, the genotype P 1 (Debeira) had the lowest value (95.87 cm) for this trait. The cross P 4 × P 8 and P 5 × P 8 recorded the highest values (15.50 and 14.33 cm) of spike length triat. For No. of spikes per plant, the cross P 2 × P 6 (10.33) followed by the cross P 6 × P 7 (10.00) and the three crosses P 2 × P 5 , P 5 × P 6 and P 7 × P 8 (9.67 for each one) recorded the highest values for No. of spikes per plant. For grain weight per spike, the three crosses, P 4 × P 5 , P 5 × P 8 and P 7 × P 8 registered the highest and the same values (2.01 g). The cross P 5 × P 8 and P 2 × P 6 registered high values (5.17 and 4.8 g) for 1000 Kernel weight. The cross P 5 × P 6 followed by the three crosses; P 6 × P 7 , P 5 × P 8 and P 2 × P 6 recorded the highest values for grain yield per plant ranging from 37.69 to 40.67 g . For biological yield per plant, the three crosses; P 6 × P 7 , P 5 × P 6 and P 5 × P 8 recorded the highest values ranging from (93.28 g) to (93.75 g) whereas, the cross P 1 × P 5 had the lowest value (61.49 g) for this trait. For harvest index three crosses; P 3 × P 4 , P 7 × P 8 and P 1 × P 5 recorded the highest values (43.70, 44.05 and 44.54, respectively) whereas, the cross P 1 × P 4 had the lowest value (27.37) for this trait. The high grain yield per plant of the former hybrids could be imputed to one or more of yield components, i.e., No. of spikes per plant, 1000 Kernel weight and No. of grains per spike. Contrasting responses in grain yield per plant and some of its attributes were previously announced for F 1 wheat crosses by Khan et al., (2000) , Malik et al., (2005) , Iqbal and Khan (2006) , Dagustu (2008) , Bhutta and Hanif (2010) , Ahmad et al., (2011) , and Gogas and KoutsikaSotiriou (2012). Estimates of heterosis To improve any character, plant breeders heavily rely on the availability of genetic variability generated from different matting designs. It is also well know phenomena that in a hybridization program, certain crosses pass on more favorable genes than the others. Thus, some cross combinations may be superior as compared to their parents for improving any economic trait in wheat breeding (Baloch et al., 2016) .
1-Heterosis over mid parents
Estimates of heterosis over mid parents for all studied traits are given in Tables 4. The results exhibited that these values were significantly different among hybrids for all studied characters. Out of 28 crosses, 17 crosses were significantly taller than their mid parents and the maximum heterotic values were 5.29, 4.24, 5.04, 5.44 and 5.96% for the crosses P 1 × P 3 , P 2 × P 5 , P 4 × P 8 , P 5 × P 7 and P 7 × P 8 , respectively. In this direction, 11 crosses were significantly longer than their mid parents for spike length with maximum heterotic values of 8. 98, 9.98, 6.16, 7.38, 17.29, 6 .60 and 10.53% for the crosses P 2 × P 4 , P 2 × P 6 , P 3 × P 5 , P 4 × P 7 , P 4 × P 8 , P 5 × P 6 and P 5 × P 8 , respectively. In addition, 9 crosses revealed the significant values of heterosis over mid parents for number of spike per plant. For this trait, the best crosses were P 2 × P 5 , P 2 × P 6 , P 4 × P 5 , P 4 × P 8 , P 5 × P 6 , P 5 × P 8 and P7 × P 8 with the heterotic values of 20. 88, 19.22, 18.36, 33.29, 16.02, 33 .38 and 31.92%, respectively. For grain weight per spike, 6 crosses gave significant heterotic values in relation to mid parents with the highest estimates of 14.38 and 10.14% for the crosses P 1 × P 3 and P 4 × P 5 , respectively. The results indicated that the heterotic values of 14 crosses over their mid parents were significant for 1000 kernel weight. The most heavier crosses for this trait were P 2 × P 6 , P3 × P 4 , P4 × P 5 , P5 x P6, P5 x P8 and P 7 × P 8 with the heterotic values of 9. 84, 15.13, 12.12, 9.82, 14 .63 and 9.03%, respectively. Out of 28 crosses, 17 crosses were significantly better yielding than their mid parents. The promising crosses ''P1 × P5, P2 × P4, P2 × P5, P2 × P6, P3 × P4, P4 × P5, P4 × P8, P5 × P6, P5 × P8, P6 × P7 and P7 × P8'' exhibited largest useful heterotic values of 33.82, 19.69, 44.31, 41.77, 40.38, 56.94, 49.14, 68.58, 81.47, 54.17 and 60.31% respectively. For biological yield per plant, the heterotic values of 20 crosses were found to be significant over their mid parents. The estimates of heterotic values for this traits ranged from 3.03 to 30.71% for the crosses P 3 × P 8 and P 4 × P 5 , respectively. Regarding to harvest index, 13 crosses had significant heterotic values over their mid parents. The highest heterotic values was recorded for the cross P 7 × P 8 (53.32%), while the lowest was obtained from the cross P 6 × P 8 (0.47%). Table 5 showed heterotic values over better parent for all studied traits. The results showed that 10 crosses out of 28 had significant heterotic values over the taller parent. These estimates ranged from 1.32 to 4.76% for the crosses P 5 × P 6 and P 5 × P 7 , respectively. For spike length, the significant heterotic values in relation to better parent were recorded only in 6 crosses. The cross combination P2 × P 6 gave the longest value of 9.53%, while the cross P 2 × P 7 had the shortest value of 3.22%. It could be noticed that 4 out of 28 crosses showed the maximum significant heterotic values over better parent for number of spike per plant. These desirable values were 16.09, 14.78, 11.53, 13 .04 % recorded in the crosses P 2 × P 5 , P 2 × P 6 , P 4 × P 5 and P 5 × P 8 , respectively. For grain weight per spike, only 2 promising were significantly higher than their better parent with values of 12.9% (P 1 × P 3 ) and 6.02% (P 3 × P 4 ). 12 crosses were significantly heavier than their better parent for 1000 kernel weight with the highest value of 14.05% for the cross P 3 × P 4 , while the lowest value was noticed for the cross P 4 × P 8 . As for grain yield per plant, it could be noticed that the majority of crosses were significantly more than their better parent. 16 out of 28 cross combination were found to be the best for the desirable direction of biological yield per plant. Regarding to harvest index, 8 crosses were significant in their heterotic values in relation to the better parent. These results are consistent with those obtained by Chowdhry et al. (2001) , Farooq et al. (2005) , Akbar et al. (2010) , Omar et al. ( 2010) , Saad et al., (2010) , Bilgin et al. (2011), Adel and Ali (2013) , Devi et al. (2013) , Hammad et al. (2013) , Singh et al. (2013) , Zhongfu et al. (2014) , Ismail (2015) , Kalhoro et al. (2015) , Mahpara et al. (2015) and Ul-Allah et al. (2016) .
2-Heterosis over better parent
In general, the results of this study showed, the majority of crosses were significantly exceeded their mid and better parents, reflecting the important role of non additive genetic variance in the inheritance of these traits. Combining ability analysis The analysis of variance and the mean squares of combining ability for all studied traits are presented in Table 6 . The results showed that mean squares of general combining ability (GCA) and specific combining ability (SCA) were highly significant for all studied traits. This finding indicate that both additive and non-additive gene action are involved in the expression of these traits. However, the ratios of GCA / SCA were found to be greater than unity for all studied traits, suggesting the predominance of the additive gene action in controlling of studied traits. Therefore, selection based on the accumulation of additive genes would be effective in this set of genetic materials. Our results are in accordance with those obtained by Mosaad et al., (1990) , Kherialla et al., (2001) , Mavi et al., (2003) , Saad et al., (2010) , Singh et al., (2012) , AlNaggar et al. , (2015) and Ismail (2015) . 
General combining ability effects (g i )
Estimates of general combining ability effects (g i ) for each parent are given in Table 7 . The results showed that Sakha 8 (P 2 ), Sakha 69 (P 3 ), sahel 1 (P 4 ) Sanora 64(P 5 ) were seemed to be excellent general combiners for tallness. As for spike length and number of spikes per plant, Sids 4 (P 8 ) and Giza 165 (P7) were considered to be good general combiners for these traits, respectively. It could be noticed that Sanora 164 (P 5 ), Giza 165 (P 7 ) and Sids 4 (P 8 ) were found to be good general combiners for grain weight per spike. The results indicated that Sids 4 (P 8 ) was the best general combiner for 1000 kernel weight. Regarding to grain yield per plant, Sahel 1 (P 4 ), Sanora 64 (P 5 ) and Giza 160 (P 6 ) were good generals combiners. In the same time, Sakha 69 (P 3 ), Sanora 64 (P 5 ), Giza 160 (P 6 ), Giza 165 (P 7 ) and Sids 4 (P 8 ) were the excellent general combiners for biological yield per plant. Moreover, Sahel 1 (P 4 ), Sanora 64 (P 5 ) and Giza 160 (P 6 ) were the best general combiners for harvest index. Whereas, Debeira (P 1 ) was the poorest general combiner for all studied traits except for number of spikes per plant It could be suggested that most studied parents posses additive genes and could be utilized in breeding program to improve these traits. Similar results were obtained by Motawea (2006) , Singh et al., (2012) , Desale and Mehta, (2013) , Yao et al., (2014) , Singh et al., (2014) and Kumar et al., (2015) . 
Specific combining ability effects (s ij )
Estimates of specific combining ability effects (s ij ) for each cross combination for all studied traits are presented in Table 8 . The results revealed that 8 out of 28 crosses showed positive significant SCA effects for plant height. As for yield and its components, 4, 5, 8,7,and 10 out of 28 crosses gave positive significant SCA effects for spike length, number of spikes per plant, grain weight per spike, 1000 kernel weight and grain yield per plant, respectively. The results indicated that 10 and 10 out of 28 crosses showed positive significant SCA effects for biological yield per plant and harvest index, respectively.
It is interesting to notice that the excellent cross combinations were obtained from (good x good) , (good x poor) and (poor x poor) general combiners. Consequently, it is not necessary that parents having estimates of GCA effects would also give high estimates of SCA effects in their respective cross combinations. Generally, the promising cross combinations which exhibited desirable SCA effects, showed also high useful heterosis as previously mentioned for all studied traits. This finding indicates that non-additive gene action played an important role in the expression of these traits. Similar results were reported by Saeed et al.,(2005) , Hasnain et al., (2006) , Mahpara et al., (2008) and Kumar et al., (2011) . Estimates of Correlation coefficient Estimates of correlation coefficient between all studied characters are shown in Table 9 No of spikes per plant was significantly and positively correlated only with plant height (0.36) while it was negatively associated with spike length (-0.17) and 1000 kernel weight (-0.04) as well as positively correlated with grain weight per spike (0.07). Moreover, plant height was significantly and positively correlated with 1000 kernel weight (0.27) and grain weight per spike (0.37). In the same time, spike Length was significantly and positively correlated with 1000 kernel weight (0.59) and grain weight per spike (0.36). 1000 kernel weight were significantly and positively correlated with grain weight per spike (0.52). These results are in agreement with those announced by Mohsin et al., (2009) and Fellahi et al., (2013) . In conclusion, significant of genetic variability among all studied genotypes were detected for all traits. The results exhibited that the majority of crosses were significantly higher than both mid and better parents. These promising crosses which showed high useful heterosis values, exhibited also desirable SCA effects. However, the ratios of GCA / SCA were found to be greater than unity for all studied traits, suggesting the predominance of the additive gene action in controlling of studied traits. Therefore, selection program for improvement yield and its components in this set of wheat materials could be practiced in segregated generation.
